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SiLYL ESTER COPOLYMER COMPOSITIONS 



THE PATbNT OFFICE 

07 JUL 2003 
_ NEWPORT 



The present invenfion relates to Bilyl ester copolymer solutions and anfi-fbuling 
coaOng compo^or» comprising a silyl ester copolymer and an Ingredient 
fi having blocidal properties for aquatic organisms. 

Man-made siructuies such as boat hulls, buoys, drilling platfomis, oil producfion 
rigs, and pipes which are immersed in water are prone to fouling by aquatic 
organisms such as green and brown algae, bamacies, mussels, and the like. 

10 Such structures are commonly of metal, but may also comprise other structural 
materials such as concrete or wood. This fouling is a nuisance on boot hulls, 
because It iiicrsases friotlonal resistance during movement through the water, 
the consequence being reduced speeds and increased ftiel costs. It is a 
nuisance on static structures such as the legs of drilling platforms and oil 

15 production rigs, firstly because the resistance of thicK layers of fouling to waves 
and currents can cause unpredictable and potentially dangerous stresses in the 
stmcture, and. secondly, because fouling makes It diflficutt to inspect the 
structure for def^:4s such as stress craddng and comsston. It is a nuisance in 
pipes such as cooling water Intakes and outlets, because the effective cross- 

20 sectional area Is reduced by fouling, wrtth the eonsequenoe that flow KOes at& 
reduced. 

It is known to use anti-foutirig paint, for instar^ce as a fop coat on shq)8' hulls, to 
inhibit the settlement and growth of marine organisms such as bamacies and 
25 algae, generally by release of a biocide for the marir\e organisms. 

Traditionally, anti-fbuling paints have comprteed a 'relatively inert binder wftb a 
blocidal pigment that is leached from the paint Among the bindeis which have 
been used are vinyl resins and losln. Vinyl resins are seawafer-insoluble and 
30 paints based on them use a high pigment concentration so as to have contact 
between the pigment particles to ensure leaching. Ro^in is a hard brittle resin 
that Is very slightly soluble in seawater. Rosin-based anti-4'ouling paints have 
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been referred to as soluble matrix or eroding paints. The biocidal pigment \s 
very gradually leached out of the matrix of rosin binder in use, leaving a skeletal 
m&Hrbi of rosin, which is washed off the hull surftice to allow leaching of the 
bioddal pigment from deep virlthln the paint film. 

5 

Many eucoeseful anti-foullng paints bi recent years have ^'delf-pQlishing 
copolymer" paints based on a polymerio binder to which bloctdal tTK^iganotin 
moieties are diemically * bound and from which the biocidal moieties are 
gradually hydroiysed by seawater. In such binder systems, the side groups of a 
10 linear polymer unit are split off in a first step by reaction with seawater, the 
polymer framework that remains becoming water-soluble ot water-dispersible 
as a result In a second step, the water-soluble or water-dlspersibte framework 
at the surface of the paint layer on the ship is washed out or eroded. Such paint 
systems are described for easmple in GB-A--1 457 590. 

15 

Alternative self-poiishfng anti-foullng paint systems have been developed based 
on siiyi ester copolymers. Siiyi ester copb^mers and antl-fouling compositions 
comprising Uiese copolymers are, for e^rarhple, described tn WO 00/77102 A1, 
US 4,593,055, and US 5,436,284. Normally, a sityl ester copolymer spiutlon is 
20 prepared which Id subsequently used as one of the ingredients of the coating 
composition. 

EP 0 775 733 A1 describes anfi-fbuling coating compositions comprising a 
chlorinated paraffin and a siiyi ester copolymer having a weight-average 

25 molecular weight within the range of 1000 to 150.000. The v($oo$ity of the silyl 
ester copolymer in solution can bo between 30 and 1000 centipolse at 25 *C in 
a 50 weight percent xylene solution. In the examples, silyl e$ter copolymer 
solutions have been prepared with a solid content below 50 weight percent The 
coating compositions prepared from tfiese solutions comprise a high amount of 

30 volatile content Coating compositions comprising a lower volatiie content are 
not disclosed or suggested. 
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EP 0 802 243 A2 described anti-fouling boating composfttons comprtefng a siiyt 
ester copolymer having a weight-average molecular weight within the range of 
1,000 to 150,000. It is mentioned that the solid content of a solution of the eiiyi 
ester copolymer may be between 5 and 60 weight percent In the esamples, 

s howsver, the prepared copolymer solutions comprise 50 weight percent volatile 
solvent content, and the coating oomposBlons prepared from these solutions 
comprise a high amount of volatile content it Is not disclosed in this document 
how a high soHds copolymer solution can be obtained. Further. It te not 
dlsdoaed what specific properties such a high solids copolymer solution should 

10 have In case it is used to prepaid an anti-fouling coating composition. 

A drawback of coating compositions comprising a high amount of volatile 
organic compounds is that a large amount of these substances may have to be 
evaporated, while the volatile organic content (VOC) level is restricted by 

15 present day legislation In many countries. For ^(ample. in the United States of 
America federal regulations limit the content of volatile organic hazardous air- 
pollutants (generally synonymous with VOC) to less than 400 grams per litre itor 
antl-fouOng coatings. There is, accordingly, a need for anB-fbulIng coatings that 
comprise a lo\wer level of volatile, organic compounds. prefeEably having a VOC 

20 of less tiian 400 grams per litre. 

The most common means of application cf an anfifouling coatings are airless 
spray, bnish or roller. We have found that to prepare a seif-poRshing antifoullng 
coating composition comprising a siiyi ester copolymer and having a VOC of 

25 less than 400 grams per litre that can be appDed by airiess spray, bnish, nailer 
or other common application methods, it is necessary to use a sDyi ester 
copolymer solution having a solids content of at least 55 per cent by weight and 
having a viscosity of 20 poise or less, preferably 10 poise or less at 25 °C; 
. othenwise the viscosity of the coating is too high to enable satisfactory 

30 application properties, or additional solvent must be added at the point of 
application such that VOC limits may be exceeded. 
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Besides the above-mentipned demands on the coating oomposition, the 
resulh'ng anti-founng coatings on ships should have a high integrit/, Le. show 
almost no cracking and a good adhesion, particularly when appDed to ttiose 
6 parts of a vessel where the ooafa'ng is alternate^ and diy. for instance at the 
watedine. Further, the coating should hardly show a so-called cold flow or 
plastic defbnnatlon, In other words, the film should not ripple when the ship 
moves in the water. Additionally, the coating oompo^tion needs to show a 
sufRdentiy short drying time. 

10 

The present irwentlon spedfically relates to si^l ester copolymer solutions, 
coating compositions comprising a sily! e»ster copolymer, and sutisbates and 
structures having a cured coaling prepared from suc^ a coating composition. It 
w«s found tiiat adjusting the weight-average molecular weight, the 
16 polydispersi^. the glass transition temperature and the amount of side chains 
Of the silyl ester copolymer could influence the copoiymw solution properti^, 
the coaling composKlon prop^ties, and the coating pioperOes. 
■ Polydisperslty (0) Is defined as the ratio of the weight-average molecuiar weight 
(Mw) to the number-average molecular weight (Mn) of the polymer. 

20 

The present invention relates to a sliyi ester copolymer solution having a soTid 
content of at least 55 weiglit percent, preferably at least 60, even mora 
preffarred at least 65 weight percent, and a viscosity of less than 20 poise, 
preferably less than 10 poise, even more prefteraisiy less than 5 poise at 25 

26 The silyl ester copolymer In solution preferably has a weight average molecular 
weight of more than 1S00. even mors preferably of more than 2000. the weight 
average molecular weight preferably is less than 20,000. even more prafarabiy 
less than 15,000. The copolymer preferably has a polydispersHy of mora than 
1.1; the polydispersity is preferably less than 3.0, even more preferably less 

30 than 2.8. The silyl ester copolymer In solution preferably has a glass transition 
temperature above 5 °C. even more preferably above 10 °C; preferably the 
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glass transition temperature is below 80 even more preferably below 60 ''C. 
Preferably more than 10 weight percent, even nioie prefeiably more than 30 
weight percent, and highly prefened more than 40 weight peroent of said 
copolymer consisting of building blocks having side chains with a sllyl ester 
5 liinctionality. Preferably less than 70 weight percent, even more preferably less 
than 60 weight percent of said copolymer consisting of building blocks having 
side chains vw'th a siiyi wter functionalify. 

The present invention farther relates to a stable anti-fbuling coating composition 
10 having a VOC below 400 gram per litre and a viscosity of less than 20 poise, 
preferably less ttan 10 poise, even mora prefarobly less than 5 poise at 26 "XJ. 
Prsferably the anti-fouling composition comprises: 

- a silyl ester copolymer prafarahly having a weight average molecular weight 
of more than 1500, even more preferably of more than 2000, the weight 

16 aversge molecular weight prefsrably preferably is less than 20,000. even 
more preferably tefia th*ri 15,000. a poiydlspersity preferably of more than 
1.1, preferably less than 3.0, even more prefierably leas than 2.8; a glass 
transi&on preferably above 6 "C, even more preferably above 10 'C; 
preferably the glass transiiion temperature is below 90 "C. even more 

20 preferably below 60 "C. preferably more than 10, even mom preferably 
more than 30. highly prefened more than 40. and preferably less than 70, 
even more preferably less than 60 weight pert»nt of said sllyl ester 
copolymer consisting of side chains having a sOyl ester ftincUonality, and 

- art ingredient having biocidal pnaperties for aquatio organbms 

Films prepared from the coating composition according to the present invention 
show a good integrity and a low cold flaw. 

During the preparation of the coating composition, the siiyl ester copolymer 
30 solution is preferably added in an amount of between 1 and 60 peroent by 
weight, more preferably fctetween 5 and 50 percent by weight, even more 
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preferably between 15 and 45 percent by weigtn. based upon Che total weight of 
the coating composition. 

In the coating compositon, tfie ingredient having bloddal properties for aquatic 
6 organisms preferably is pr^ent In an amount of between 0,1 and 70 percent by 
weight, more pr^erably between 1 and 60 percent by weight, even mora 
preferably between 2 and 55 percent by weight, based upon the total weight of 
the coating composition. 

10 The silyl ester copolymer prraent In the silyt esler copolymer solution and the 
coating composition according to the pies«ant invention is a copolymer 
comprising at least one ^e chain bearing at least one tenninal group of the 
fonnula (0: 




wherein n is 0 or an integer of 1 to 50. and R1, R2, R3, R4, and R5 are each 
indeperidently selected from the group consisting of optionally substituted Ci^o- 
alkyl, optionally substituted CLzo-alkoxy, optionally substituted aryi. and 
optionally substituted aryloxy. 
20 Preferably, at least one of the groups R1-R5 \n the silyl ester copolymer is 
methyl, isopropyl. n-butyl, isobufyl, or phenyl. More preferably, n is 0 and R3, 
R4, and R5 are the same or different and represent isqsropyl, n-bufyl, or 
Isobutyt. 
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In the present context, the tem Ci^lkyl represeitts straight, branched, and 
cyclic hydrocarbon groups having from 1 to 20 carljon atoms, such as methyl, 
ethyl, propyl, isopropyl, n-bulyl. iso-butyi, seo-butyl. tert-butyl. pentyi, hexyl, 
cydohexyl, heptyl, octyl, nonyl, decyl. undecyi, dodeqyl, tertadecyl, hexadecyl, 

5 octad9<^, and loosyl. The term sutistltuted C-^so^Ikoxy means Ci.2iralkyl oxy, 
8ud) 8» metho]Qf, ethoxy. propoxy, isopropo)^, n-butoxy. iso-buto;^, sec- 
but09<y» 1art-4)Utoxy. pentoxy, hexoxy. cydoheMOxy, heptoxy, octoxy, nonoxy, 
decoxy, undeooxy. dodeooxy, fertadeooxy, hexadecoxy. odadeoojy, and 
ocosoxy. The tsm aryl is to be understood to mean an aromatic cMubocycOe 
10 ring or ring system, such as phenyl, naphthyl, bfphenyl, arxl xylyl. The teim 
"optionally substituted" is used to Indicate that tha group In question may be 
substituted with substituents one or more times, preferably 1 to S times. These 
substttuents may. for example, be " hydroxy, alkyi, hydroxyalkyl. 
aikyicafbonyloxy, carboxy, allcoKycarbonyl. alkoxy. alkenyfoxy, oxo, alkyi- 

16 CMt)onyi, aryl, amino. aMamino. carbamoyl, alkyiaminocarbonyl, aminoalkyl- 
amEnocarbonyl. aminoalkylaminocartx)nyl, aikylcaitonyiamlne, cyano. 
guanidlno. carbamldo, alKaooyloxy. sulphono, all<ylsulphonyloxy, nitio, 
sulphanyl, aikylthio, and halogen. 

20 A sllyt ester copolymer campiising at least one side cheOn bearing at least one 
terminal group of the above-described fomiula <l> can, for example, be ot>t^ned 
by copoiymeriaing one or more vinyl polymerisable monomers with one or more 
monomers comprising one or more cdefinic double bonds and one or more of 
the above-described terminal groups (I). 

2S Examples of suitable vinyl po^erisable monomers, which can be 
copolymerjseci with , one or more monomers comprising one or more olefinic 
double bonds and one or mors of the above-described terminal groups (I), 
include (nn6th)a(xyla[te esters such as methyl methacrylate. ethyl methacaylate, 
butyl methacrylate, 2-ethylhexyl methaciyiato, 2-hydroxyethyl methacrylate. and 

30 . methoxyethyl methacrylate; maleic add esters such as dimethyl maieate and 
diethyl maieate; fumaric add esters such as dimetiiyl fumarate and diethyl 
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fumaratB; eiyrene, vinyl toluene, a-methyl-«tyrene, vinyl chloride, VHiyl acetate, 
butadiene, aciylamide, acrylonltrile, (meth)acrylic add, araylic acid, Isobojmyl 
methacrylate, inaieic acid, and mixtures thereof. Preferably, a mfocture of methyl 
(meth)aciylate or ethyl (meth)acfylale vM\ another vinyl polymerteable 

9 monomer is used, it Is possible to adjust tlie poKshlng rate of the coating by 
usii^ a mixture of a hydrophobic and a hydrophlDc (meth)a«ylate. Optionally a 
hydrophyitc oomonomer Is Included such as methoxy ethyl (meth)aciylate or a 
ttigher polyethylene oxide derivative, such as eXhtxc/ ^Ihyl (meth)aciylate, 
propoxy ethyl (iine1h)aGrylafe. butoxy elhyl (meth)Bcr^ate» a polyoxyettiylene 

10 glycol monoalkyi ether (meth)acrviaita, such as polyoxyethylene (n-8) glycol 
monomethyl ether methacrylate. or N-Aclnyl pyrroiidone. 

Examples of statable moiramars compris&tg one or more olefinic dotdble b<mds 
and one or more of iSne above-described termlrial groups (I), which can be 
copoiymerised with one or more vinyl poiyrherisabie monomers, include 
16 monomers comprising one or more of the terminal groups <l) in which n = 0, 
and whidi may be represented by the formula (II): 



R3 




R5 

wher^n R3. R4. and R5 are as defined above, and X is a {m^)acry1oyloxy 
group, a maleinoyloxy group, or a fumaroyloxy group. 

20 The preparation of the monomers (11) can, for ^mpie, be perfomned aoconding 
to the mattiods desc^bed In EP 0 297 505, or according to the methods 
described in EP 1 273 589 and the references dted herein. Examples of 
suitable (meth)acryllc acid-derived monomers include: trimethyisilyl 
(m6th)acryiate, triethyisilyl (meth)aeryla.te. tri-n-propylsilyl (meth)acrylata, 

25 triisopropylsilyl (meth)acrylate, W-n-butylsiIyi (meth)acrylate, triisobutylsilyl 
(meth)acrylate, tri-tert-butylsllyl (meth)acryla[te, tri-n-amylsilyl (meth)acrylatB, tri- 
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n-hexyls?lyl (meth)acfylate, tri-n-OGtytsiIyi {meth)acryialB, itwKiodecylsilyl 
(ineth)acrylate, (riphenyisilyl <meth)acfylate. trhp-m^i^lphenylsi^ 
(meth}acrylate, tribenzylBilyl (meth)aGrylate. dimethylphanylsilyi (mefh)acrylat9. 
dimethyicyciohexyl (ineth)aciylate. eihyldimethyteilyl (meth)acfylate, n- 

6 butyldlmethyisilyl (meti)aciylata« t-butyidimethylsilyl (meth)acryie[1». dHsopropy^ 
n-bufyl8iiyl (meth}aciylate. rv-ootyicB-n-butylsilyl (meth)9crylate, 
diieopropylstBaiylsilyl (meth}aciylate, dicyc>ohexylphenyl$ilyi (mefh)acrylate, t- 
bu^dlphenyisilyl (ineth)aciylate, and lauiyldlphenyl&iiyt (meth}acryiats. 
Preferably, triteopropyisiiyi (meth)acrylate. tri-n-butyteliyl C'«eth)aciylale. or 

10 trlidobutyl&tlyl (meti>)aerylatB is used In the preparation of the silyl ester 
copolymer. 

The Ingiedient having bioddal properties for aquatic organisms, whi<^ is 
present in 1t\& coaUng composition atscording to the present Invention, can be a 

18 pigment, or a mixture of pigments, having bioddel properties. Examples of 
suitable biocides are Inorganic biooldes, e.g. copper oMdes, copper 
thiocyanate, copper bronze, copper carbonate, copper chloride, copper nickel 
alloys; oiiganometal biocides. e.g. zinc pyrlthlone (the zinc salt of 2-pyridinethiol- 
1 -oxide), copper pyrithlone. bis {N-cyclohexykllazenlum dioxy) copper, zinc 

20 ethylene-bis(dithiocarbamate) (i.e. zineb), and manganese ethylene- 
bla(dilhiocarbamate) compiexed with zinc salt (l.e. manco^); and organic 
biocides. e,g. formaldehyde, dodecylguanidlne monohydrochloride, 
thlabendaicole, N-trihalomethylthiophthalimldes, trihatomethylthlosulpamldes, N- 
aiylmalelmldes, 2-methylthio-4-butylamino-6-cyclopopylamino-&-trIazine, 3- 

iS benzDlb]thien-yi-5,6-dlhydro-1.4,2-oxathlazine 4-oxide, 4,5-dichloro-2-(n-octyl)- 
3(2H)H8olhia2olono, 2,4.5,6-letrachloroisophthalonitriIe, 3-iodo-2-propynylbiityl 
carbamate, pyridine triphenylborane. a 24rihaiogenomethyl-3-halogena4- 
cyano p^nrrole derivative substituted In position 5 and optiorrally In position 1, 
such a& 2^p-chIorDphBnyl)-3-cyano-4-bromo-S-trifluoromethyl pynole. and a 

30 fUranone, such as 34)utyi-5-(dibromomethylldene>2(5H)-furanone, and 
mixtures thereof. 



{0073779.. (^mmmm^m 
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In addition to the silyl ester copolymer and the ingredient hsmng bioddal 
properties for aquatic organisms, the antl-fouling coating compositions 
aocoidmg to the present Invention optionally comprise another resin or a 
5 mbdurs of other reslnSp and/or one or more non-bloddal p^ments, and/or 
addillvea such a$ one or mora thickening or fhixotropic agents, one or more 
wetting agents, flllei^. a liquid oanier such as an organic solvent, organic non- 
solvent or water» etc, 

10 Examples of resins that can be used in addition to the silyl ester copolymer in 
the anU-fouling coating composition according to the present invention include 
polymers which are free of triorganosllyl ester groups and triorganotin groups 
but MAAdn are reactive in seawaier, materials which are sRghtly soluble or water- 
sensitive in s^water, and materials which are insoluble in seawater. 

15 

As examples of suitable polymers that are free of triorganosilyl ester groups 
end triorganotin groups but which are reactive in seawater, several resins can 
be mentioned. 

For instance, an example of a suitable polymer is an acld4unctional film-- 
20 fomiing polymer, the acid groups of which are blocked by quaternary 
ammonium groups or quaternary phosphonium groups. This is for instance 
described in WO 02/02698. 

A seawater-reactive polymer can alternatively be a film-forming polymer 
comprising quaternary ammonium groups and/or quaternary phosphonium 

25 groups bound (pendant) to the backbone of the polymer. These quatemaiy 
ammonium groups and/or quatwiary phosphonium groups are neutralised or, 
in other words, blocked or capped by oounter-ions. Said ooun^-ions consist of 
the anionic residue of an add having an aliphatic^ aromatic, or alkaryl 
hydrocarbon group comprising at least 6 <^rbon atoms. Such systems are for 

30 instance described in EP 02255612.0. 



10073779 oyrjariiio^iigai 
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A further example of a suitable seawater-readiv© polymer Is an adcMunctional 
film-forming potynner the acW groups of which are blocked by groups capable of 
hydrolysing or dlssQclating to leave a polymer eoluble In seawater, the blocking 
groups being selected firom divalent metal atoms bonded to a monovalent 
a oiganic residue, divalent metal atoms bonded to a hydr^ residue, and 
monoamine groups which fbnm an oiganio solvent^Iuble amine salt of the 
polymer, as described In WO 00/43460. 

For instance, such a seawater-reactive add-funclional fHirHforniing polymer the 
add groups of which are blocked, may be a polymer hav^g at least one side 
10 chain beanng at least one temnlnal group of the fbrmub: 



— X-J-O-M-R 



^-L -L J. 



wherein X rainesents — , — C — ^ — i* — ''\ 

M is a metal selected from zinc, copper and tellurium; x is an integer of 1 to 2; 
R represents an organic raddue selected from 

R1 Is a monovalent organic residue, a» described in EPnA-20445e. 

Such a hydrolysabte polymer preferably Is an acrylic polymer wherein X 
represents 

J- s 

. M is copper, and R represents o-fc— ri j^e parent acrylic 
20 polymer having a -COOH group Instead of -X-[0-M-R]„ preferably has an add 
value of 25^50 mg KOH/g. Most preferably, the hydrolysable polymer has a 
copper content of 0.3-20% by weight and R1 is the residue of a high boiling 
organic monobasic acid. Such hydrolysable polymers can be prepared by the 
processes d'^closed In EP 0 204 456 and EP 0 342 2/6. The copper-containind 
25 fiim-fonning polymer preferably is e copolymer comprising an acrylte or 
methacrylic ester the alcohol residue of which Includes a bulky hydrocarbon 
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radical or a soft segment, for example a brartohed alkyi ester having 4 or mora 
carbon atoms or a cydoalkyl ester having 6 or more atoms, a poi^lkylene 
glycol monoacrylate or monomethaofylate optionally having a terrmial alkyl 
group or an adduot of 2-hydioxyelhyl aoryiate or mefftacrylate with 
5 caprolactone. as described in EP 0 779 304. 

Altemafivdiy, such a seavtrater-reactive acid-ftinctlonal filnMbrmir^ polymw the 
add groups of which are blooked. may be a carbo^^lic add-fundional polymer. 
For €aasim|rie, it may be a copolymer of aciync or methacrylic acid with one or 
more alicyl acrylates or metl^ciylates. at least some of the acid gn>ups of whidi 
10 have been converted to groups of the Ibnnula -COO-M-OH, wherein M is a 
divalent metal such as (»pper, zbio. (»ioium, magnesium or iron, as described 
In GB 2,31 1.070. 

Another e^rampte of such a seawater-reactive acid-functional fiitn-forming 
polymer the acid groups of which are blocked, is a polymer that is a seit of an 

ie amme. (Preferably it is a salt of an amine containing at least one aliphatic 
hydrocarbon group having 8 to 25 carbon atoms and an aad-functional filrrh' 
forming polymer as described In £P 0 529 693, the acid-funcQonal polymer 
prefeinably being an addition copolymer of an olefin ically unsaturated carboxylic 
acid, sulphonic acid, acid sulphate ester, phosphonic add or acid phosphate 

20 ester and at least or»e ol^finicaily unsaturated co-monomer, the unsaturated 
carboxylic acid for example being acrylic or methacryiio add, the unsaturated 
suiphonic acid for example being 2-acrylamido-2-meth^ropane sulphonic acid 
(AMPS), and the film-forming polymer pieferably b^ng an amine suiphonate 
copolymer containing units of an organocyciic ester as descrflaed in >AfO 

26 99/37723. 

As examples of suitable polymers or resins that are a^giitiy soluble or water- 
Seneitive in seawater the following compounds can be mentioned: polyvinyl 
methyl ether, polyvinyl ethyl ether, alkyd resins, modified al|<yd resins. 
30 polyurethanes, saturated polyester resins. poly-N-vinyl pyrollldones, and rosin 
material. 
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Such a rosin material preferably I& rosin, parUculaily wood rosin Of alternatively 
tall rosin or gum rosin. The main chemical constituent of rosin Is abietic acid. 
The rosin can be any of the grades sold commercially, preferably that sold as 
WW (water white) resin. The rosin material can aHsmatively be a rosin 
6 derivative, for example a malelnised or fUmarised rosin, hydrogenated rosin, 
formyiated rosin or polymerised rosin, or a rosin metal salt such as calcium, 
magnmlum, copper or zunc rasinate. 

As ekampies of suitable polymers or resins that are insoluble in seawater, the 
10 fbllowlng compounds can be mentioned: modified alkyd resins, epoxy polymers, 
epoxy esters, epoxy urethanes, polyurethanes. linseed oil. castor oa, soy been 
oil, and derivatives of such oils. 

Other examples of suitable seawater Insoluble polymers or resins are: vinyl 
ether polymer, for example a poly(vlnyl alkyl ether), such as polyvinyl isobutyl 

16 ether, or a copolymer of a vinyl alkyl ether with vinyl acetate or vir^yl chloride, an 
aorylate ester polymer such as a homopolymer or copolymer of one or moi« 
alkyl acrylates or methacrylatea which prerferably contain 1 to Q carbon atoms in 
the alkyl group and may contain a co-monomer such a$ acrylonitrite or styiene, 
and a vinyl acetate polymer such as polyvinyl acetate or a vinyl acetate vinyl 

20 chloride copolymer. 

AHernatfvely. the seawateMnsoiuble polymer or rosins can be a polyamine, 
particulariy a polyamlde having a pteistlclsing effect such as a polyamide of a 
fi^tty add dimer or the poiyamMe sohl undertha Trademaric "Santlciser^. 



If In addUon to the silyi ester copolymer, and the ingredient having bioddal 
propertieB for aquatic organisms, the coaling composition comprises another 
resin or a mixhira of other resins, these other iesin($) oan femi up to d9 percent 
by waght of the total amount of resins in the coating composition. 
Preferably, the other resin is rosbi material and fomis up to 20 percent of the 
total resins In the coating composition to obtain a self-polishing coating of high 
qualHy. AKematlvely, preferably the other resin is a roain matertal and forms 50 
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to 80 percent of the totdl resins in the coating composition to ob^n a so-called 
controlled depletion coating or a hybrid coating. 

In another embodiment, the other resin is a mixture of e rosin material and a 
seatVAfdter-insoiuble resin. In that case the rosin material forms 20 up to BO or 

5 95% by weight of the toisA amount of resins In the coating composition. The 
rosin material preferably fomis at least 2s%, more preferably at least 50%, 
most preferably at least 55% by weight of the total amount of resins In the 
coating composition. The silyl ester preferably forms at least 30, most 
preferably at least 50. up to 80 or 80% by weight of the total Yi&aYA of non-rosin 

10 resins, the seawater-insoluble resin being Che remainder 

E)»mples of non-bioddal pigments that can be added to a composition 
comprising the silyl ester copolymer and the Ingredient tiavlng bioddal 
properties Ibr aquatic organisms, are slightiy seawater-soluble non-blocldes 

19 such as zinc oxide and barium sulphate; and seawatv-lnsoluble non-biocides 
such as fillers and colouring pigments, e.g., titanium dio)dde« ferric o)dde, 
phthalocfyanine compounds, and azo pigments. 

Examples of additives that can be added to a composition comprising the silyl 

20 ester copolymer and the ingredient having blocldal properties for aquatic 
organisms, are reinforcing agente/ stabilisers, thixotropes or thickening agents, 
plasticisers, and liquid carriers. 

Examples of suitable reinforcing agents are fibres, e.g., carbide fibres, silicon- 
containing fibres, metal fibres, carbon fibres, sulphide fibres, phosphate fibres, 

25 polyamide fibres, aromatic polyhydrazide fibres, aromatic polyester fibres, 
cellulose fibres, rubber fibres, aorytio fibres, poiyvlnylohloride fibres, and 
polyethylene fibres. Preferably, the fibres have an average length of 25 to 2000 
microns and an average thickness of 1 to SO microns with a ratio between the 
average lengUi and the average ihickness of at least 5. 

3D Examples of suitable stabliiser agents are moisture scavengers, ZBoRtes, 
^IphatiO or aromatic amines such as dehydroabietylamine, tetra- 
ethyioftiioailicate. and triethylortfiofformate. 
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Examples of suitable fhlxotropes or thickening agents are eilicas, benfones, and 
polyamide vraoces. 

Examples of suitable plastlclsers are phthatata esters such as dibutyl phthalate, 
butyl benzyl phthaiate or dioctyl phthalats. phosphate triestera such as tricrasyl 
5 or tff&(lsopropyl)phenyl phosphate, or chlorinated paraffins, and sulphonamides 
auch a& N-eubatituted toliranesulponamida 

Examplas of suitable liquid carriers are organic sohiente, organic non-solvents, 
and water. Suitable examples of onganlo solvents are art aiontatic hydrocarbon 
such as xylene, toluene or trlmethylbenKene, an alcohol such as n-butanol, an 

10 ether alcohol suc^ fis butoxyethanol or methoxypropanol, an ester sucdi as 
butyl acetate or isoamyl acetate, an ether-ester such as elhoxyethyi acetate or 
methoxypropyi acetate, a ketone such as methyl isobutyl ketone or methyl 
isoamyl ketone, an aliphatic hydrocarbon such as white spirit, or a mixture of 
two or mora of these solvents. It is pos8il>le to disperse the coating in an 

15 organto non-«oly©nt Ibr the film forming components in the coating composition. 
The c6ating can altematively be water-based; for example It can be based on 
an aqueous dispersion. 
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1. 
2. 

10 

IS 3. 



Silyl e$ter copoiymer solution having a solid content of at least 55 welghit 
percent and a vfscosRy of le^s than 20 poise at 25 ^C. comprteing a 8ilyl 
ester copolymer having a weight average molecular weight of lees than 
20.000. 

SHyl ester copolymer solution acoording fo claim 1, characterised in that 
the silyi ester copolymer Is a silyl ester copoiymer having a weight 
average molecular weight of less than 20.000. a poiydl&per»^ of less 
than 3.0, a glass transition temperature below 90 less than 70 weight 
percait <tf Said silyl ester copo(/mer consisting of side chains h»wig a 
silyl ester tunctionaiity. 

Silyi ester copolymer solution aocoixljrig to claim 1 or 2, characterised In 
that the sHyl ester copoiymer is a copolymer comprfeing at least one side 
chain bearing at least one terminal group of the fomiuia: 



wherein n te 0 or an integer of 1 to 50, and R1, R2. R3, R4-, and R5 are 
each independently selected from the group consisting of optionally 
substituted Cwo-alkyI, optionally substibjted Ci.a)-all<oxy, optionally 
substituted aiyl. and optionally substituted arylo)^. 




25 
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SByl eeter copolymer solution according to claim 3, characterised in that 
n = 0 and and R3. R4, and R5 are the same or different and represent 
methyl, Isopropy!, n-butyl. or isobuiyl. 

Anti-fouling coating composition having a VOC below 400 gram per litre 
and a visoosKy of less than 20 poise at 25 comprising a sllyl ester 
copolymer* and an ingredient having biocldal properties for aquafic 
oiganisms. . 

AntMbuling coating composition according to dalm 5, chatacterlBed In 
that It the siiyi ester copolymer is a sl^ ester copolymer haying a weight 
average molecular weight less than 20.000. a poiydispersity of fosa than 
•3,0, a glass transition temperature betow 90 •C, less than 70 weight 
percent of said sllyl ester copolymer consisting of side chains having a 
silyt ester tiinctionaUiy. 

Antk-fouIIng coating composition according to claim S or 6, characterised 
in that the silyl ester copolymer Is a copolymer comprising at least one 
side chain bearing at least one tenninal group of the formula: 



wherein nis 0 or an integer of 1 to 50. and R1, Rz. R3. R4, and R5 are 
each Independently seleoted from the group consisting of optionally 
substituted Ci.2(rall«yl. optionally substituted Ci.ar«ikQxy, optionally 
substituted aryl, and optionally substKuted aryioxy. 



C 




SI R4 
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B. Anfi-fouling coating composition according to claim 7, characterised in 
that n - 0 and and R3, R4. and R5 sm the same or different and 
represent methyl, fsopropyi, n-buty], or isobutyl. 

5 

9. Anti-fouiing coating composition aooording to any one of claims 6 to 8. 
characterised fan that ttie composifion further oimpriees one or more 
poiymeiB or reane selected from the group oonslating of compound^ 
which are finee of trioiganosilyl ester groups and trioiganotln groups but 

10 which are reactive in eeawater, materials which are sfightly soluble or 

watar-aen^five in seawrater. and materfals which are insolubte in 
seawaten 

10. Antl^QUling coating compoi^on according to daim 9, characterised in 

19 that the compositbn comfMises a rosin material aib a matwial that is 
slight soluble or water-sensitive in seawater. 

11. Anti-fouKng coating composifion according to any one of claims 5 to 10. 
charsKiterised in that -the ccmipositlon further comprises one or more 

20 polymers or resins selected finom the group consisfing of compounds 
wlildK are free of friorganoallyl ester groups and triorganotin groups but 
whicft aie reactive in seawater, materials whlt^ ere slightly soluble or 
water-sensitive in seawater, and materials which are insoluble in 

• seawater. 



25 



12. Substrate or structure coated With aa anti-fouiing coating composition 
' according to any one of claims 5 to 11. 
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The invenfion relates to a silyt ester copolymer solution having a solid content 
of at least 5S weight parosfit and a viscosity of less ihan 20 poise at 25 «C, 
comprising a silyl ester oopofymer having a weight average molecular weight of 
5 less than 20,000. The Invention further relates to coating compoelttons 
comprising a silyl ester copolymer, and substrates aiul etru(^ures having a 
cured coating prepared from such a coating composition. 
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